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chamber (18,19) an'angement wherein at least one chamber (1 8) Is a 
combustion chamber. A connecting rod (3) Is rigidly coupled to the piston 
(1) and passing outof a chamber (19) to be coupled to a linear to rotary 

motion converter. 

(FR) L'invention a trait d un moteur d combustion interne muni d'un 
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mouvement lineaire en mouvement giratoire. 
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; "INTERNAL. COMBUSTION ENGINE" Technical Field The Invention relates to Internal combustion engines of the 
piston and cylinder type and more particularly to such engines which can be made compact and lighter than 
conventlor^al engines. A more compact and lighter engine has been a continual design goal and is of benefit to the 
automotive industry and others in that less materials are used, the space required to fit the engine is less and a lighter 
weight engine means that other components in the vehicle can be lighter and less expensive. 

Disclosure of Invention Throughout this specification, unless the context requires otheiwise, the word "comprise", or 
: variations such as Txxnprises* or "comprising*, will bis understood to imply the inclusion of a stated element or Integer 
or group of elements or integers but not the exclusion of any other element or Integer or group of elements or integeis. 

In accordance with the present invention theie is provided an Internal combustion engine including a piston rigidly 
coupled to a connecting rod, said piston being fitted within a cylinder having a chamber a1 each end thereof, said 
connecting rod passing out of the cylinder through an end face of at least one of said chambers, at least one of said 
chambers being a combustion chamber and said connecting rod being coupled to means for converting linear motion 
to rotaiy motion. 

WHh an engine oonfiguiation of this Invention it is practical to malte provision Ibr more than one piston to be attached 
I to each connecting rod and a chamber provided for each side of each piston. The additional chambers can be used to 
provide a means of supercharging the engine or of providing secondary expansion of gases. 

The design of one embodiment of this engine provides for combustion to occur on both sides of each piston and for 
the piston to be connected to a connecting rod which is rigidly attached to the piston as opposed to the more 
conventional wrist pin connection and moves in the same plane as the piston in contrast to a conventional piston which 
moves laterally to confonn to the movement of the crankshaft; The connecting mi is connected to a means of 
'. converting a linear motion to a rotary motion and such means can include but are not limited to a Scotch yoke 
I connected to a crankshaft, an epjcydokJal crank mechanism or a second connecting rod whnh is articulated and 
i connected to a crankstiaft. 

A second cylinder head is incorporated on the same side of tiie piston as the connecting rod and the rod moves 
through a bushed and sealed circular machined aperture in the cylinder head where It is joined to a means of 
converting linear motion to rotary motion and the power generated by the piston Is transferred through the connecting 
rod to the conversion means to a power shaft which is typically a crankshaft. 

The benefits of such an arrangement are that the piston can be veiy short as there is no necessity to provide a long 
piston skirt as there is little side thrust on the piston and the conneding rod provides a second means of guidance for 
the piston/rod combination and this shortens the length of the cylinder, the ability to develop power relative to weight is 
greatly enhanced due to the second combustion chamber operating in the same cylinder and by means of the same 
I connecting rod and the same crankshaft throw. 

The challenges posed by the second combustion chamber are that it is difficult to provide the means for operating 
valves by conventional mechanisms, the problem of possible overheating of the piston due to its exposure to close to 
twice the amount of combustion heat than conventional configurations, the problems of heating of the connecting rod 
which is directly exposed to the heat of combustion, the problems of lubricating the cylinder walls, the problems of 
combustion characteristics caused by the intrusion of ttie connecting rod into the combustion chamber, and the 
problems of propagating the flame front if one conventional spark plug is used. 

: The problem of providing means of operating the valves is minimised if electronically controlled valve actuators are 
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used. There are a variety of such actuators and actuation can be tjy mechanical/hydraulic, electro- mechanical, 
pneumatic, electro-magnetic; piezo-ceramic or other means. An example of such an actuator is shown in WO 
97/19260, the contents of which are incorporated herein by refisrence. A prefemed configuration for the engine herein 
will fsature individually actuated inlet and exhaust valves controlled by an engine management system. 

Individual actuation allows the secondary cylinders, by which is meant the (flinders Into which the connecting rods 
protrude, to be de-actlvated when not required, that is, under conditions of light load. This allows the cylinders still 
operating to operate under higher compressions and thus to operate at a higher efficiency. iVIany other benefits can be 
gained by the operation of individually actuated valves, some of which are mentioned above. 

The problem of possible overheating of the piston and connecting rod, and the problems of lubricating the cylinder 
wails can be overcome by a system of circulating engine oil which both lubricates and cools the piston and connecting 
rod. This Is a preferred solution although it would be possible to circulate an alternate coolant for cooling purposes as 
well as oil for lubrication. There are various ways that circulation of oil can be achieved. 

1 Oil can be supplied under pressure through a galleiy in the cylinder wall to supply oil under pressure between the 

upper and lower piston rings and to force oil into galleries in the piston which then circulate oil through the connecting 
rod to an aperture in the connecting rod which is close to the point of attachment to the conversion means In the 
crankcase so that oil Is dumped into the crankcase area. This method requires a piston k>ng enough that the holes In 
I the (^linder wall are not uncovered by the piston. A means such as electrically or mechanically operated valve can be 
provided to cut the supply of oil when such a hole is uncovered by the piston to alleviate the problem of uncovering the 
oil gallery wtien a short piston is used. 

Another means of lubrication is by means of an aperture in the connecting rod which is positioned so that it does not 
enter into the combustion area, it is fed by means of a gallery provided in the bushing area in the secondary cylinder 
head by means of an elongated hole so that the time that it can be fed with oil under pressure is maximised during 
: each stroke. Galleries are provided In the connecting road which circulate oil through the connecting rod to ttie outer 
walls of the piston between the upper and lower piston rings and part is circulated back through the connecting rod 
and exits Into the crankcase by an exit located low in the connecting rod. A third method of circulating oil Is to feed oil 
under pressure into the power shaft, typically t>eing a crankshaft, of the means of conversion of linear motion to rotary 
motion. Into the connecting rod, through the piston to the cylinder walls, and back tiirough the connecting rod to the 
crankcase. 

In the case of a Scotch yoke being the conversnn means the oil can be fed into the vertical linear sliding bearing and 
! into the connecting rod lay means of suitable galleiiss and apertures. Clroulatkm of oil as above provides the 
, necessary lubrication and also a means of cooling both the piston and connecting rod. 

Another approach to the problem of overheating of the piston Is to keep the combustion temperatures within 
acceptable limits by the means of water injection. Any heat lost to the cylinder walls which then require cooling 
represents energy which Is lost to atmosphere and if that heat can be turned Into useful energy It Is beneficial. 
Optionally the pistons can be made of a heat tolerant material such as ceramic to allow heat to build to higher 
' temperatures than would otherwise be the case and to take advantage of the heat by introducing water Into the 
combustion chamber and for that water to be flashed to steam and to extract additional energy by means described 
elsewhere herein. The problem of overheating of the connecting rod is alleviated by the fact that it returns to the 
bushing area on every stroke and can be cooled by immersion in oii or a coolant in this location by means of a suitably 
sealed gallery filled with the appropriate liquid. AnoUier solution Is a design wherein an equivalent rod to the 
connecting n>d continues above the primary piston and through ttie cylinder head as in the case of the secondary 
cylinder heads. By travelling into a matching machined cylinder fitted with appnspriate means of conveying oil and/or 
coolant Into the rod e.g. a tube sliding within a machined aperture in the rod, fluid can be conveyed to the rod and 
ttience to the piston and ttien circulated to the bottom of the rod in the case of oil wtiere it is dumped into the 
crankcase. 

I The problems witti the combustion process caused by the Intrusion of the piston rod into the combustion chamber are 
; minimised by the introduction of fuel into the air charge prior to its entry Into the cylinder In the case of spark ignition 
type engines. In the case of direct Injection multiple injectors or one Injector with multiple points of entry into the 
cylinder will improve fuel distribution. Also, the fuel can be injected into an aperture in the connecting rod by means of 
a suitable port In the bushing area, through the connecting rod and past one-way valves or needles so that fuel Is 
distributed from various points on the circumference of the connecting rod Into the combustion chamber. Multiple 8pari< 
plugs vwll akj the ignition process or a plate of ceramic or other suitable material can be Incorporated between or 
attached to the secondary cylinder head and cylinder t>lock into which means of conducting the ignition electrical 
charge are provided and the conduction means are suitably Insulated. Electrodes are provided in such block at various 
parts of the circumference of the aperture which corresponds to the cylinder aperture so ttiat multiple points of Ignition 
are provided. Sealing of the connecting rod can be by means of conventional rings similar to those used in the pistons 
except that the rings are contained in the statkinary bushing area rather than on the moving rod. 
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The above description includes a second cliamber which is used as a combustion chamber. That same chamber can 
be used for other purposes. For example it can be used as a means of supereJiargIng the engine. Pnwided with 
suitable valves such as reed or one-way valves it can take in air on each stroke and pump it under pressure into the 
inlet manifold. As the chamber takes in dose to the same amount orf air as the primary combustion chamber (less is 
inducted due to the connecting rod) and induction and compression occurs twice as often as the induction In the 
primary combustion chamber a supercharging effect will be generated. A supercharging effect would allow easier 
transition ft-om 4-cycie to 2-cycle In the primary combustion chambers due to forced scavenging for the primary 
combustion chambers which is possliiie when Individually actuated valves controlled by the engine management 
system are used in conjunction with control of entry of fuel by the engine management system. 

Another use for the second chamber can be secondaiy expansion of gases. By means of ports, sliding or other types 
of valves the exhaust gas generated in the primary combustion chamber can be fed into the second chamber to 
undergo further expansion and thus give a better thermodynamic efficiency. With individual valve actuation and 
i auxiliary valves plus control of entry of fiiel by the engine management system K would be possible to use the chamber 
for a secondary expansion of gases but have it revert to 4-cycle or 2-cycle combustion of fuel when extra power Is 
required, and this change- over from 4-to 2-cyde is made technically easier when the engine is fitted with a turbo or 
supercharger to facilitate scavenging in the 2-cycle operation. 

Another use for the second chamber is further expansion of gases when water Is introduced into the primary and/or 
secondary chambers. Water can be Introduced eariy or late In the combustion stroke Into the primary cylinder and/or 
eariy Into the introduction of the exhaust gas into the secondaiy chamber and will be converted to steam by the heat of 
combustion. When multiple cylinders are used the exhaust/steam gases can t>e introduced into two secondary 
chambers so that the pressures on the combined areas of tfie undersides of the two pistons will be greater than the 
pressure on ttte primary single piston when the valves and galleries allow pressure to equalise in the primary cylinder 
and the two secondary cylinders and the pressure in the two secondary chambers will exert neariy twk:e the pressure 

I on the undersMes of ttie pistons in the two secondaiy cliambers than the pressure on the primary piston thereby 

'. allowing a net generation of power. 

An example of a possible use of the chambers as secondary expansion chambers is a basic configuration of one 
primary chamber and one secondary chamber with inlet and exhaust valves. At the bottom of the combustion stroke in 
the primary combustion chamber the exhaust valve opens and the exhaust gases are fed into an insulated plenum 
chamber and also through the inlet port of the secondary chamber to ttie secondary dhamba. Pressure eqijalises in 
{ the primary and secondary chambers and the force exerted on the pislon in the primary chamber is greater than that in 
; the secondaiy chamber due to the lesser cross-sectional area of the underside of the piston due to encroachment by 
i the connecting rod, therefore at this part of the cycle there Is a net loss of power compared to a conventional 4-cycle 
operation. 

The exhaust valve in the primary cylinder closes at the top of the exhaust stroke and the plenum is left with hot gases 
under pressure. The primary cylinder then enters its Induction stroke and the secondary chamber enters an exhaust 

[ stroke and the secondary cylinder Is cleared of gases. The primary cylinder enters Its oompressran stroke and the 
secondary chamber enters another inlet stroke but tlie gases in the plenum are under pressure so the Inlet stroke is 
also a power stroke. More power is relumed to the piston by this process than was lost in the exhaust stroke in the 
primary cylinder. The primary cylinder enters its power stroke and the secondaiy cylinder enters another exhaust 
stroke. In this manner, more power Is extracted from the hot gases than in a conventional 4-cycle process and ttie 

I thennodynamk: efficiency of the engine is increased. The process can be enhanced by the injection of water into the 
primary and/or plenum and/or secondaiy chamber to convert the water to steam and to gain advantage of the 
additional power generated by the expansion of the steam. 

In the case of multiple cylinders the process described above can be slightly different. An example is two cylinders in 
line configured so that the primary combustion chamber in number one cylinder is in its combustion stroke when the 
combustion chamber in the second cylinder is in lis induction stroke. When the exhaust valve in primary cyinder 
number one opens the exhaust gases are directed to the secondary chambere of both cylindeis. Similarfy, wtien the 
exhaust valve in primary cylinder number two opens the exhaust gases are directed to the secondary chamber of both 
cylinders. The combined cross-sectional areas of the pistons in the secondary cylinders are nearly double that of each 
of the cross-sectional areas of the primary pistons and although the pressure of the gases is equalised between one 
primary cylinder and the pistons in the secondaiy chamber In the exhaust stroke In that primary cylinder and this 
exet\s a back fbroe against the primary cylinder which would tend to decrease power the net effect throughout the 
primary and secondary cylinders Is an additional generation of power. In this configuration the plenum can be 
eliminated or minimised. 

In any case the manifold acts partly as a plenum. This example is given citing 2 cylinders for simplicity but in practice 
there would be problems o balance if both pistons moved in unison however the principle would be practical with, for 
; example, a 4-cylinder in-iine configuration using pairs of cylinders as in the example. 

: An alternative use of ttie addittonal chambers made DosslMe in this confiauration is as folkiws The secondary 
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chambers are used in the supercharging mode as described above but water is sprayed into the air charge either 
before or after introduction into the chamber under high pressure to provide good atomisation. The chamber is fitted 
with spark plugs or otiier means of providing an electrical field, spark or plasma suoti as a plate of ceramic or other 
suitable material which Is disposed at the top end of the chamber and is provided with multiple electrodes of suitable 
materials such as platinum to aid the break-down of the water mist into hydrogen and oxygen. A high voltage electrical 
spark or plasma is applied to break down some of the water mist Into hydrogen and oxygen by electrolysis. It has been 
shown by experiments such as those conducted by Professor Hanry Watson of Melbourne University that the 
introduction of hydrogen into the combustion process is beneficial to the process and it is well known that the 
introduction of a medium such as NOS which provides oxygen can be a means of generating additional power. A 
charge composed of part air, hydrogen, additional oxygen and water mist will aid in the generation of power when fuel 
is introduced (if not already introduced in the Induction process into the secondary chamber) by the proven beneficial 
effects of hydrogen, extra oxygen and water which will flash to steam under the effect of the very high combustion 
temperatures. Spark or plasma can be generated in the primary combustion chamber with a common electrode 
> material such as platinum the source of this spark or plasma tieing the Ignition spark or a separate spark generated for 
the purpose to further aid the breakdown of the water mistteteam into hydrogen and oxygen. The injection of water and 
the subjecting of the charge to the effects of electrical discharge can take place In a separate chamber. In the manifold 
from the separate chamber to the primary combustion chamber or associated plenum, in the primary combustion 
chamber or In combinations of the above. 

I Another example of a configuration making use of secondary expansion chambers is a 4-cyllnder opposed 

configuration. One pair of cylinders is fitted with one piston on each bank and each cylinder Is split Into two separate 
chamt)ers and this bank Is used for combustion purposes effectively fonning four cylinders. The second cylinder has a 
lesser crankshaft throw diameter therefore it has a lesser stroke and it also has a larger bore than the other cylinder. 
The second cylinder is fitted with two cylinders per side and is divkied into four chambers per side. Having a lesser 
stroke this cylinder will not be twice as long as the first cylinder even though it has two pistons and the first cylinder 
has one. The crankshaft is configured so that when the pistons in the first bank of cylinders is moving in one direction 
the pistons in the second bank of cylinders is moving in the opposite direction. When a piston in the first bank of 
cylinders starts Its exhaust stroke the exhaust valve opens and the exhaust gas moves Into an expansion chamber in 
the adjacent or equivalent chamber In the second bank and an inlet valve in this chamber is optional and may be 
eliminated. That chamber then commences a power stroke using the pressure of gases from the exhaust gas. The 
primary chamber and the secondary chamber are connected at this time so pressure will equalise and there will be a 
back pressure on the piston in the first cylinder. However, the bore in the second cylinder is greater than that in the 
second cylinder so the force exerted on the piston in the second cylinder will be greater. The calculations for the bore 
of the cylinder in the second bank will have to be made keeping in mind the ditierence in crankshaft throw diameters 
I and therefore of the rotational force imparted to the crankshaft so that the net rotational force imparted to the 
; crankshaA by the expanston chamber in the secocid cylinder will be greater than the rotational force Imparted to the 
crankshaft by the piston In the first cylinder during the secondary expansion stroke in the second cylinder. At the end 
of the expansion stroke of the piston in the second cylinder a connection Is made through slide or other valves of a 
port from that chamber to two further expansion chambers in that same cylinder. These would be the two chambers on 
the opposite side of the two pistons to that of the expansion chamber which has Just completed Its expansion stroke. 
• This chamber is now connected to the two expansion chambers of identical bore so that this expansion chamber now 
has a back pressure but this is overcome by the combined pressures on the other two expansion chambers which now 
begin a tertiary expansion stroke. By this means more energy is extracted from the exhaust gases and they exhaust to 
atmosphere at a lesser temperature and pressure than wouU olhenvise be the case. In the case where water is 
Introduced into the combustion process and flashed to steam any steam converted to super-heated steam will expand 
at a very rapid rate but as it cools to saturated steam the speed of expansion poses a protjiem relative to modem 
I piston speeds. The secondary and tertiary expansions at a lower piston speed allow even saturated steam to expand 
\ at a sufficient rate to convey useful energy to the pistons and also to start the condensation process so that the water 
can be extracted and recovered. For balancing purposes the above example can be put into practice using a four 
cylinder opposed configuration with combustion cylinders of small diameter opposed by expansion cylinders on the 
opposing side of larger diameter with the reverse configuratkin on the acfoining t»nk. 

i 

A system of generation of hydrogen and oxygen can be irKxxporated so that the resultant gases are piped into the air 

charge prior to Induction. This Is a system whereby water with a suitatMe chemical such as sulphuric acid gives the 
mixture electrolytic properties and it is stored In an acid-proof container into which two electrodes of a suitable material 
such as platinum are fitted so that they protrude into the walellelectrolyte mixture. A direct current electric charge is fed 
to the electrodes and hydrogen is produced at the electrodes by electrolysis. The resultant gases are piped into tlie 
inlet manifbkl for mndng with the charge. The amount of current fed into the gas generator can be made proportional to 
engine load by suitable circuitry upon command from the engine management system so that the amounts of gases 
released are proportional to demand. The water converted to gas will be replenished by means of conventional means 
such as a f oat which allows water to enter when the level drops. The ariKiunt of sulphuric acid will remain theoretically 
static but would need to be periodically checked and replenislied. The benefit in generating and Introducing hydrogen 
and oxygen into the diarge is not to gain a direct energy benefit as the amount of energy required to split ttie water 
into Its components is the same as Is gained in re- combination. The benefit is the ted that hydrogen is known to 
support a leaner mixture than a charge with no iiree hydrogen and alkiws combustion with an amount of water present 
that would normally inhibit combustion. 
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The fact that hydrogen is present can also be used to advantage by distributing the fuel in the combustion chamber in 
such a way that a stratified charge is fbimed and the average mixture can be leaner than would otherwise be practical. 
Any water introduced preferably should be filtered or distilled. 

More than two chambers can be Incoiporated into each cylinder by means of a further bulkhead or bulkheexls or 

cylinder head/s and another piston or pistons incorporated. The additional bulkhead/s can t>e used for extra 
combustion chambers, supercharging chambers and secondary expansion chambers. One sample such configuration 
would be a conventional primary piston and cylinder arrangement for 2- or 4-cycle combustion with a bulkhead 
interposed in the cylinder on the other side of that piston so that the underside of the piston and the bulldiead fonns a 
I chamber then on the other side of the bulkhead is another piston so that another chamber is formed between that 
piston and the bulkhead and then a 4th chamber Is formed between that piston and a secondary cylinder head. 

The two pistons are connected to the connecting rod and the connecting rod is located in sealed bushings in the 

bulkheads and secondary cylinder head. 

in the example the second and third chambers could be used for supercharging the primary combustion chamber and 
the secondary combustion chamber formed in the fourth chamber as above. In this configuration cooling of the pistons 
would be enhanced by the entry of air into the second and third chambers. The second and third chambers could also 
i be used as secondary expansion cfiambers or they ooukl be used as combustion chambers. 

Multi-cylinder arrangements can include in-line configuration, radial, or opposed although some configurations pose 
problems of balance. 

i 

Configurations such as four cylinder opposed pose less problems in obtaining balance. In the case of opposed 
I configurations one crankshaft throw can sen/ice a pair of cylinders. With a basic arrangement of one pair of in-line 
I cylinders which jointly form four combustion chambers the engine will give the same power output using two cylinders, 
two pistons, two connecting rods and two crankshaft throws as a conventional four cylinder in-line engine of the same 
displacement which would require four cylinders four pistons, four connecting rods and four crankshaft throws. By 
incorporating individually actuated inlet and exhaust valves the engine described herein Is given infinitely variable 
valve timing. Cylinder shut-down becomes a matter of software control and one published article describes trials by the 
Mercedes Benz company wherein they claim a 25% saving in fuel by means of cylinder shut-down. If the engine is 
given the ability to convert from 4- to 2-cycle for bursts of power then it will be able to deliver considerably more power 
i than the equivalent conventional engine. Thus the weight and bulk of the engine can be considerably less than a 
conventkinal engine. 

I 

Considerable flexibility can be exercised in configuring the layout. For example, although it is beneficial to have 
cylinders and pistons as one bore size there is no need for this to be the case. For example, a primary combustion 
chamber could be one size of bore and an expansion chamber could be of another bore size. Another example is that 
with four cylinders opposed, one cylinder on opposing side but the opposite bank could be of one bore size cylinders 
to those cylinders coukj be of another bore size. Also, one cylinder couM have one size of crankshaft throw and 
another a different size I.e. the two cylinders would have dflTerent strokes. The reason for this can be that one cylinder 
is used for combustion purposes and the other for secondary expansion purposes e.g. when steam is added to the 
combustion gases and it is desired to allow a slower expansion rate when the steam turns from super-heated steam to 
saturated steam and the expanskm is stower. In such alternate conliguralkMis Vne requirement to balance the engine 
will have to be taken into account and this can be, for example, by adding pairs of like opposed cylinders or pairs of 
Hke In-line cylinders. Otfier means of balanckig such as oounter-weishts or counter-shafts can be used. 

When water is added to the air charge as described above provision can be made to recover the bulk of the water 
through secondary expansion altowing condensation and recovery of the water by using techniques well known in the 
design of steam engines. 

Water can be included in fuel by mixing it with a suitable emulsifier and surfactant. A number of such emulsifiers have 
been identified and tested and results published over many years. The engine herein can have water introduced into 
i the combustion process by a fuel/water/emulsifier mix. An emulsifier which has electrolytic properties or has an 
additional chemical added which is not detrimental to the combustion process or to the mechanical components of the 
engine but has electrolytic properties or has the ability to enhance the breakdown of water into hydrogen and oxygen 
during electrolysis would be of benefit to the operation of the engine when provision is made to provide a means of 
electrolysis in the various passages that the air charge or exhaust gases travel through during the operation of the 
engine. 

The various chambers in the engine can be used for multiple purposes by means of suitable control of the inlet and 
exhaust valves and fuel injection system by the engine management as well as auxiliary valves in certain cases by the 
engine management system. For example one chamt>er can tie used as a secondary expansion chamtier and if 
additional power is reouired the operation of the cvlinder can be switched so that it operates as a combustion 
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chamber. 

The cylinders can be made in one piece or in sections and joined to other sections of the cylinders using dowels and 

pins to effect alignment. 

When the supercharging tecility as described herein is used or when an external tuitiocharger or supercharger Is used 
the qrcle known as the Miller cycle can be Introduced at any time when there is sufficient boost in the inlet manifold to 
support the Miller cyde by means of commands from the engine management system to the valve actuators. 

An embodiment of the invention provides a design which can mal<e efficient use of inlet and exhaust valves which are 
actuated by electro- mechanical, electrohydraulic, electromagnetic or other similar actuators and which are controlled 
I by electronic means by an engine management system. 

Although the basic design can be operated by conventional poppet valves the use of individually actuated valves 
simplifies the mechanical layout, which is complex if multiple camshafts are required. The use of individually actuated 
I and controlled inlet and exhaust valves also allows a nun^r of other advantages including the ability to eliminate or 
I minimise the use of throttle and allow control of the air/fuel charge by means of early or late closure of the inlet valves, 
to allow change-over from 4-cycle to 2-cycle and other tienefils- 

A further embodiment of the invention provides a design in which provision can be made to shut down cylinders under 
conditions of light load to effectively give variable displacement. The advantage of <^nder shut- down is that those 
(flinders which continue to operate can operate at a higher compression than would be the case if all cylinders were 
operating and therefore efficiency is higher. Cylinder shut-down can be readily achieved by the engine management 
system when individual valve actuation and control is utilised. 

A still further embodiment of the invention provides a system in which water can be introduced into the air charge and 
converted to steam by means of the heat of combustion and the expansion of the steam used to add power to the 
engine. The fact that the provision of expansion chambers Is made relatively easy with this design means that 
expansion chambers can be utilised to give secondary expansion to exhaust gas/steam combinations. 

I Yet a further embodiment of the Invention provides a system in which water can be brolten down into hydrogen and 
' oxygen l>y means of electrolysis and introduced Into the air charge with the intention of providing a better combustion 
process In the presence of water and/or better combustion with a leaner mixture or a stratified charge. 

Brief Description of Drawings In the schematic representations of the embodiments depicted in the drawings, the 
means of converting linear motion to notary motion, where depicted, is a Scotch yoite. 

Fig. 1 is a schematic representation of a single cylinder engine with one cylinder and 2 combustion chambers; Fig. 2 Is 
; a schematic representation of 2 methods of lubricating and/or cooling the piston and conmcdng rod in Fig. 1 ; Fig. 3 is 
I a schematic representation of a twin opposed variant of the engine in Fig. 1 ; Fig. 4 Is a schematic representation of a 

variant of the engine in which the secondary chamber is used to supercharge the primary cylinder depicted in the 
i compression stroi^e; Fig. 5 is as in Fig. 4 in the combustion strolie; Fig. 6 is as in Fig. 4 in the exhaust stroite; Fig. 7 is 
as In Fig 4 In the intalce stroke; Fig. 8 is a schematic reprssentatkin of two cylinders with the primary chambers being 
used as combustion chambers and the secondary cylindefs being used as supercharging chambers with the left 
primary combustkin chamber in its exhaust stroke and the right hand combustion chamber In its compression strolce. 

; Fig. 9 is as in Fig. 8 iiut with the left hand combustion chamber In its intake stroke and the right hand combustkin 
' diamber In its combustkin stroke; Fig 1 0 is as in Fig. 8 but with the left hand combustion chamber in its compression 
stroke and the right hand combustion chamtier In its exhaust stroke. 

Fig. 1 1 is as in Fig. 8 but with the left hand combustion chamt>er in its combustion stroke and the right hand 
combustion chamber in its intake stroke; Fig. 1 2 is a schematic representation of an embodiment of an engine in which 
two pistons are attached to each connecting rod and a dual cylinder head is disposed between each cylinder head with 
two chambers used as combustion chambers and two chambers used as supercharging chambers; and Fig. 13 Is a 
schematic representation of the engine in Fig, 12 in its next cyde. 

Best Modes for Carrying Out the Invention Referring lo Fig 1 double sided piston 1 slides in a linear and sinusoidal 
motion within cylinder 2 and is rigidly connected to connecting rod 3 which slides through bushings (not shown) in 
secondary cylinder head 14 and connects to Scotch yoke mechanism 5 where it can convey power by means of 
: eccentric 6 to crankshaft 7. A primary (finder head 13 is fitted in which is Installed inlet valve 9 and exhaust valve 10 
; whkjh ate actuated by actuating mechanisms not shown. Secondary cylinder head 14 Is fitted with inlet valve 1 1 and 
ediaust valve 12 which are actuated by actuating mechanisms not shown. This embodiment has a primary 
combustion chamber 13 and a secondary combustkin chamber 15 as well as crankcase 8. 
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In operation, piston 1 moves towards cylinder head 13 in its exhaust stroke and gas is exhausted through open 
exhaust valve 10 through exhaust port 22 and at the same time valves 1 1 and 12 are closed and combustion is 
occurring in comlxistion chamliens 15 and 19 and exerting force on piston 1 atfece 16 while valves 11 and 12 are 

dosed. Piston 1 then reverses direction due to the action of the crankshaft and Scotch yoke mechanism and Inlet 
valve 9 opens and air/fuel (or air in the case of a diesel engine or direct injection) Is Inducted through inlet port 21 into 
chamber 18 and at the same time exhaust valve 12 opens and exhaust gases exit through exhaust port 24 from 
chamber 19. 

The piston 1 then commences a retum stroke, vah/es 9 and 10 are cksed and aic/luel (or air) in chamber 18 is 
compressed and at the same time inlet valve 11 opens and air/fuel or air is inducted into chamber 19 through inlet port 
23. The piston 1 then reverses direction again, fuel is injected into chamber 1 3 in the case of a diesel engine or direct 
injection by means not shown and ignition is initiated by means not shown or by compression Ignition in the case of a 
diesel engine and a combustion stroke commences and pressure is exerted on piston 1 at face 1 7. At the same time 
valves 1 1 and 12 are closed and air/iuel or air is compressad in chamber 19. As piston 1 approaches secondary 
; cylinder head 14 fuel Is injected In the case of a diesel engine or direct Injection and ignition Is initiated by means not 
j shown or by compression ignition in he case of a diesel engine and chamtier 1 5 commences a combustion cycle when 
the piston reverses. The cycle Is then ready to be repeated. In this example chamber 18 is In an exhaust cycle when 
chamber 19 is in a combustion cycle, vy/hen chamber 18 is in an exhaust cyde chamber 19 can be In an Intake cyde 
and the other cycles for chamber 19 are all shifted in sequence i.e Intake is followed by compression, combustion and 
then exhaust. 

Referring to Fig. 2, two alternative methods of providing lubrfcation and/or cooling to the piston and connecting rod are 
shown. In the first method oil is fed under pressure through cylinder wall 2 by galleiy 25 to the Inner part of the wall 
I between the rings on piston 1 . It circulates back through aperture 26 in piston 1 through gallery 26 to aperture 27 In 
connecting rod and exits to the crankcase area. 

1 In the second method oil Is fed under pressure to ekmgated port 29 and when aperture 35 Is adjacent to port 29 oil is 
i forced into aperture 3S through a one-way valve located at position 31 and then through gallery 33 to the piston walls 
and Is re-drculated through gallery 34 to port 35 where it exits to the crankcase area. 

Fig. 3 shows a twin opposed configuration of the engine depicted in Fig. 1 . The reference numerals correspond to 
-. equivalent elements of those in Fig. 1. 

I Fig. 4 depicts a variant of the engine in which the secondary chamber is used as a means of supercharging the 
' primary piston It is depicted on the compression stroke. Piston 1 is moving towards cylinder head 4 and both valves 9 
I and 10 are dosed as air/fuel is compressed In chamber 18. Air is drawn in through inlet manifold 39 past throttle 40 to 
inlet port past one^vay valve (typkally a reed valve) 37 Into chamber 3S and on&way valve 36 is dosed. 

I Fig. 5 is the same as Fig. 4 with the primary cylinder on its combustkin stroke. The piston 1 1s now moving away from 
' cylinder head 4 and valves 9 and 10 are dosed. The air in chamber 38 Is forced past one-way valve 37 Into 
manifokl/plenum 41 . 

Fig. 6 is the same as Fig. 4 with the primary cylinder on its exhaust stroke. Piston 1 again moves towards cylinder 

head 4 and the exhaust valve opens. Air is drawn Into chamber 38 past one-way valve 37 and one-way valve 36 has 
shut, trapping air under pressure in manifold/plenum 41. 

Fig. 7 is the same as Fig. 4 with the primary cylinder on its intake stroke. Piston 1 moves away from cylinder head 4 
and air is forced from chamber 38 into manifold/plenum 41 and past open one-way valve 36 Into open intake valve 9 
Into the pritn»y combustkin chamber 1 8. As the seoondaiy cylinder pumps twkx In each 4 cyde operatkxi a pressure 

builds up to supercharge chamber 18. 

Fig. 8 depicts two cylinders In an engine as in Fig. 4 showing the sequence and flow of this type of engine when 
multiple cylinders are involved. Combustion chamber 1 8 Is in its exhaust stroke and piston 1 Is moving towards 
exhaust valve 1 0 which is open. One-way valve 36 is open and admits air/fuel into chamber 49 Combustion chamber 
47 is ki its compression stroke and piston 48 is moving towards vah« 45 with both valves 44 and 45 dosed and air is 
inducted irrto chamber 50 through one-way valve 37. One-way valves 51 and 52 are dosed. 

' Fig. 9 Is as in Fig. 8 but in the next cycle. The pistons in both chambers are moving towards the one-way valves 36 
and 37. Chamber 1 8 is in its intake stroke and air ttiat has been compressed in chambers 49 and 50 passes through 
one-way valves 52 and 51 through manifold 46 through open Inlet valve 9 into chamber 18. Chamber 47 is on its 
combustion stroke and both valves 44 and 45 are dosed. 
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Fig. 10 is as in Fig. 9 but in the next cycle. The pistons in both chambers 18 and 47 are moving towards valves 10 and 
45. Chamber 1 8 is in its compression strolte with both valves 9 and 1 0 closed. Air is inducted into chambers 49 and 50 
in the same way as in Fig. 8. Chamber 47 is in its exhaust stroke and exhaust valve 44 is open. 

Fig , 1 1 is as in Fig. 10 but in the next cycle. The pistons in both chambers 18 and 47 are moving towards one-way 
valves 36 and 37. Chamber 18 is in its combustion stroke with both valves 9 and 10 closed. Chamber 47 is In its intake 
stroke and inlet valve 45 is open. Air is compressed in chambers 49 and 50 In the same way as In Fig. 9 and air is 
farced through one-way valves 51 and 52 through manrfbld 46 Into chamber 47. 

Fig. 12 depicts an embodiment of an engine with two pistons attached to the one connecting tod with a bulkhead or 
dual cylinder head between the two pistons. In this particular configuration the additional chambers so formed are 
depicted as supercharging chambers. Pistons 1 and 48 move towards valve 9 and chamber 18 is in its compression 
stroke. Chamber 53 is in its induction stroke and Intake valve 11 Is admitting air/fuel under pressure from manifold 46. 
Chamber 50 is compressing atiHuel whkA is being forced past one-way valve 36 into manifold 46. Aillfuel is being 
inducted Into chamber 49 through inlet manHbId 39 through one-way valve 51 . 

Rg. 13 is the same as Fig. 12 but In the next cycle. The pislons 1 and 48 move towards valve 11 and chamber 18 Is In 
its combustkin stroke with valves 9 and 1 0 ck>sed. Chamber 53 is in its compression stroke with vahres 1 1 and 1 2 
closed. Air is being inducted into chamber 50 through inlet manifoM 39 past open one-way valve 52. Air Is being 
compressed in chamber 49 and forced past one-way valve 37 into manifold 46 where pressure builds up. The next two 
cycles are not depicted but it can be seen that in four cycles four compression strokes occur from chambers 49 and 50 
compared to two Induction strokes that occur in cfiambers 18 and 53 so pressure builds in manifbkJ 46 and chambers 
18 and 53 are supercharged. 

It will be appreciated by persons skilled in the art that numerous variatkins and/or modificatnns may be made to the 
Invention as shown In the specific embodiments without departing from the spirit or scope of the Invention as broadly 
described. T>ie present emixxftnents are, therefore, to be consUered in all respects as illustrative and not restrictive. 
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CLAIMS: 1 . An internal combustion engine including a piston rigidly coupled to a connecting rod, said piston t>eing 
\ fitted within a cylinder having a chamt>er at each end thereof, said connecting rod passing out of the cylinder through 

an end fece of at least one of said chambers, at least one of said chambers being a combustion chamber and said 
j connecting rod being coupled to means <br comferting linear motion to rotary motion. 

2. An internal combustion engine as claimed in daim 1 wherein each combustion chamber includes inlet and exhaust 
valving means controlled by electronic means. 

3. An internal combustion engine as claimed in daim 1 wherein each chamber indudes inlet and exhaust valving 
^ means controlled by electronic means. 

4. An internal combustion engine as claimed in claim 1 or 2 wherein the electronic means is an engine management 
system. 

5. An internal combustion engine as daimed in daim 1 or 2 wherein at least one pair of cylinders are arrayed in an 
: opposed configuration. 

i 6. An internal combustion engine as claimed In daim 1 or 2 wherein at least two cylinders are anayed In an in-line 
i configuration. 

7. An internal combustion engine as claimed in daim 1 or 2 wtierein at least two cylinders are arrayed in a vee 

configuration. 

I 8. An Internal combustion engine as daimed in claim 1 or 2 in which multiple cylinders are arrayed in a radial 
configuration. 

9. An internal combustion engine as daimed in any one of daims Ito 8 wtierein the piston/i and/or connecting rod/s 
are lubricated and/or cooled by a lubricant which is circulated under pressure through the walls of the cylinder/s to the 
pislon/s and to the connecting rod and re-drculated to a reservoir. 

1 0. An internal combustion engine as claimed in any one of claims 1 to 8 wherein ttie pistols and/or connecting rod/s 
are lubricated/and or cooled by a lubricant which is circulated under pressure through an elongated aperture to a port 
in the connecting rod through such rod to the pistons and piston walls and re-diculated through the rod back to a 
reservoir, 

I 1 1 . An Internal combustion engine as daimed In any one of claims 1 to 8 wherein the piston/s and/or conneding rods 
are lubricated and/or cooled by a lubricant which is drcuiated under pressure through a shaft which conducts power 
generated by the engine to the means of converting linear motion to rotary motion and thence to the connecting rod/s 
through ttie connecting rod to the piston walls and is re-drcuiated back through the connecting rod^ to reservoir, 

12, An internal combustion engine as claimed in daim 10 wherein the flow of oil to the aperture in the cylinder wall can 

be interrupted when predetermined areas of the piston do not cover such aperture. 

, 1 3. An internal combustion engine as claimed in any one of daims 1 to 1 2 wtierein at least one of the chambers 
formed by the movement of the piston in a cylinder is adapted to indud and compress an air charge or a combustible 
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chamber. 

14. An internal combustion engine as claimed in claims 1 to 12 wherein at least one of the chambers Is adapted for 
further expansion of gases exhausted from the combustion chamber. 

15. An Internal combustion engine as claimed in any one of the preceding daims wherein at least a cylinder head of 
each combustion chamber is fitted with a layer of a non-conductive heat-resistant material such as a ceramic material 
with an aperture corresponding to the cylinder aperture such layer being a separate layer to or bonded to the cylinder 

head and such layer incorporating at least one means of conducting electricity to the walls of the aperture 
corresponding to the cylinder aperture and lifted witti electrodes for discharging an electrical spartt or generating a 

' plasma with in the chamber to like electrodes fed by different electrical means or to the sun'ounding conducting 

i materials. 

16. An internal combustion engine as claimed in claim 15 wherein at least one chamber Is a compression or expansion 
chamber fitted with a layer of non-conductive heat-resistant material on the interior surface of the head of that 
chamber, such layer incoiporating means for conducting electricity to the head of the cylinder to a location at which 
electrode means are adapted to generate an electrical sparit or plasma. 

17. An engine as claimed in any one of claims 1 to 1 1 wherein a bullchead forming a cylinder head Is comprised of a 
cylindrical portion closely machined so that it fits closely into the cylinder and is fitted with rings or seals at its outer 
circumference and a sealed bushing at its centre to accommodate the connecting rod and which cylinder head 

' cylindrical portion is adapted to be lodced Into place In the cylinder. 

1 8. An engine as claimed In any one of claims 1 to 17 comprising at least two cylinders fitted and wherein at least one 
cylinder is of a different bore to at least one other cylinder. 

19. An engine as claimed in any one of claims 1 to IS wherein at least one cylinder is formed with differing bores. 

20. An engine as claimed in any one of claims 1 -19 when being powered by a mixture of fuel, water and emulsifier. 

I 21 . An engine as claimed in daim 20 wherein the fuel contains an additive which is an electrolyte or has chemical 
i properties which aid the breakdown of water Into hydrogen and oxygen during electrolysis. 

22. An engine as claimed in any one of claims 1 to 21 wherein at least one chamber is adapted to be used as a 
combustion chamber or as an expansion chamber or as a compression chamber. 

I 23. An engine as claimed in daim 2 wherein the valving means are selected lirom poppet, slide, rotatable and reed 
valves. 

\ 24. An engine as claimed in any one of claims 1 to 23 wherein the engine is adapted to be switctied from 4-to 2-cyde 
I or 2- to 4-cyde operation by the alteration of commands from-an engine management system. 

25. An engine as claimed in any one of the preceding dalms adapted to operate as a Miller cyde engine under the 
control of an engine management system. 

i 26. An engine as claimed in any one of the preceding claims which comprises at least two combustion chambers and 
i wherein at least one combustion chamber is adapted to be shut down by means of alteration of commands from an 
engine management system to the valving means and to means supplying fuel to the combustion chambers. 

1 27. An engine as daimed in any one of the preceding daims comprising a connecting rod disposed on both sides of all 
' pistons. 
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Consequently, these claims fiiil to define any "special technical feature" according to Rule 13.2. 



DespilB Ae c xis le isx of several c laim e d inventuos in dns sppiicatiGB, it was co n s i dered that Ifae di£feicat inventians of 
cUms 3, 14, 19 (effectively daims 1-8, 13-14, 17-26) couU be coveted by the single search fee paid. 

Hie two separate additional inventians defined bythedaimgnmps (a) 9-12 and (b) IS-16, have not been seardied as two 
requested additnaal search fees were not paid by the due dale. 
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